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DISCUSSION AND SUMMARY 
Preliminary work with solution cultures inoculated with soil 
showed that 20.83 mgm. of nitrate nitrogen disappeared in eight 
days, while the total nitrogen increased. The results obtained 
with soil cultures were very similar to those obtained with the 
solution cultures. Treating the soil with straw in the greenhouse 
brought about a complete utilization of the nitrates, while there 
was a small accumulation of nitrate in the soil treated with farm 
manure. 
The nitrate-assimilating power of the soil was influenced by a 
number of factors, and, altho much information was secured by 
the methods employed, more work on the various factors affecting 
nitrate assimilation in soils is desirable. It was found that dextrose 
increased the nitrate-assimilating power of the soil. This material 
furnished a source of energy for those organisms which utilized 
both nitrate and ammonia, thus preventing an accumulation of ni-
trate. Since the nitrate content of the soil at any given time is the 
resultant of many different forces, some treatment which would 
eliminate all but nitrate assimilation would facilitate the accurate 
measurement of this process. The addition of a readily available 
energy source, especially one poor in nitrogen, tends to bring 
about this condition. 
Straw, partially decomposed straw and farm manure brought 
about an assimilation of nitrate immediately upon being added 
to the soil. The straw brought about a larger assimilation of 
nitrate than the straw manure or the farm manure. Manure, 
lime and rock phosphate applied over a period of years on Mar-
shall silt loam and Grundy silt loam tended, in general, to lower: 
the nitrate-assimilating power of the soil. The nitrate-assimilat-
ing power of Carrington loam treated in the field with different 
manures varied thruout the season, Rhowing only slight differ-
ences between the different treatments. Very similar results were 
secured with manure, lime and crop residues on both continuous 
corn and corn in the three-year rotation. 
Five cultures of nitrate-assimilating and nine cultures of de-
nitrifying bacteria were isolated and studied in pure culture. No 
names have been suggested for these organisms and their sys-
tematic relationships have not been determined. A number of 
nitrate-assimilating and denitrifying tests were carried out with 
some of the organisms in pure culture. 
Nitrate assimilation is common to a large number of soil micro-
organisms. It has been suggested, however, that the molds are 
largely responsible for nitrate assimilation when the energy sup-
ply of the soil is increased. The results obtained in these experi-
ments indicate that certain molds may be less efficient nitrate as-
similators than some bacteria. 
Nitrate Assimilation in Soils 
By F. B. SMITH AND P . . E. BROWN 
The nitrate content of the soil at any given time is the resultant 
of nitrification or nitrate production on the one hand and on the 
other of nitrate assimilation, denitrification or nitrate reduction 
and losses by lea,ching. 
In many cases nitrates have been found to disappear from soils 
in much greater amounts than could be accounted for by the con-
tent in the drainage water, and the action of certain microorgan-
isms has been found to be responsible. This action may be either 
denitrification or nitrate reduction, or it may be a nitrate utiliza-
tion or assimilation. 
Denitrification may occur under certain abnormal condi-
tions but in normal soils the disappearance of nitrates 
is undoubtedly due mainly to their assimilation. 
Apparently soils contain many microorganisms which assimi-
late nitrates. Where large amounts of carbonaceous materials 
are added to the soil, these organisms, under favorable conditions, 
may cause the disappearance of a large amount of nitrates. ' In 
fact where straw has been added to soil, the assimilation of ni-
trates by microorganisms has been found to be so great, or so 
much greater than the production of nitrates, that crops have 
suffered from an actual lack of nitrates. 
Soils will certainly vary widely in nitrate-assimilating power 
and if a true picture of the nitrogen changes in soils and of the 
factors affecting their nitrate content is to be secured, a knowl-
edge of the process of nitrate assimilation and of the organi!':ms 
involved is essential. 
The purpose of the investigations reported in this bulletin was 
to determine the nitrate-assimilating power of some Iowa soils 
and to study in pure culture some of the organisms responsible 
for the process. The utilization of nitrates by soil microorgan-
isms is referred to here as nitrate assimilation and the amount of 
nitrate disappearing as a result of' biological action has been con-
sidered a measure of the nitrate-assimilating power of the soil. 
Losses by leaching have been eliminated and while such reduc-
tion processes as denitrification may have occurred to a limited 
extent in the solution tests, they are certainly of no significance 
in the soil studies. 
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HISTORICAL 
1. THE DEPRESSING EFFECT OF STRAW AND MANURE 
ON CROP YIELDS 
Maercker (47) in 1895 conducted field experiments in which 
straw and manure were applied alone or in combination, and he 
found some decreases in crop yields. It was concluded that the 
straw and manure introduced organisms into the soil which, de-
stroyed the nitrates. 
Aeby et al. (1) concluded that when liberal applications of 
fresh manure were made to the soil and quick growing plants 
were immediately seeded, the decrease in yield often noted was 
due to the liberation of elementary nitrogen. 
Warington (74) reviewed the work of Maercker and of Aeby 
et al. critically and agreed in general with their findings but ob-
jected to their conclusion regarding the liberation of free nitro-
gen. 
Kruger and Schneidewind (37) found that sterilizing the ma-
nure, the straw and the soil prevented any harmful effects. They 
concluded that the straw furnished energy for the organisms 
which utilize the easily assimilable nitrogen, and that these organ-
isms were in the soil and were not introduced by the manure. 
Later (38) they confirmed this conclusion. 
Schneidewind (61) conducted vegetation experiments in soils 
poor in nitrogen, making applications of straw and manure. Con-
siderable amounts of nitrates disappeared from the soil, part of 
the nitrogen escaping in the free state and part going into or-
ganic combinations. 
Pfeiffer (54) concluded that at least three factors are involved 
in the injurious effect of straw and manure on crop yields: 
direct injury to plant growth by the large amount of organic mat-
ter applied in the manure, the utilization of the readily solu-
ble nitrogen due to the increased activity of the assimilating bac-
teria and denitrification or evolution of . free nitrogen. Pfeif-
fer and Lemmermann (55), however, found that under normal 
conditions denitrification was insignificant and (56) that the 
change of nitrate nitrogen into organic forms was more impor-
tant. 
Schneidewind (62) carried out field experiments with mus-
tard and found a conversion into organic forms of 13.9 pounds of' 
nitrate nitrogen per acre in the first 5 weeks following the appli-
cation of 11.13 tons of fresh manure. 
Kruger and Schneidewind (39) attemptea to determine the 
cause of the reduction in yield which frequently follows the ap-
plication of coarse manure or straw to land and found that the 
decrease was due solely to the nitrate disappearance which always 
occurred. In further studies (40) they noted that nitrates were 
assimilated and built up into protein when fresh manure was 
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added. In a later field experiment (41), the injurious effect of 
fresh manure and straw was shown. It was emphasized that the 
real cause of the injurious effects produced by manure and straw 
was the formation of proteins from nitrates. 
Ferguson and Fred (24) found that the inoculation of soil ill 
pots with cultures of denitrifying bacteria led to depressing ef-
fects on crops, which were very similar to those brought about by 
fresh manure. 
Bredemann (15) applied organic materials, such as sugar and 
meadow hay, to the soil and grew mustard and buckwheat. He 
noted a crop depression the first year followed by a very large 
increase the second year. 
Kellermann and Wright (36) concluded that the extensive use . 
of mature straw would not be desirable but that light applications 
to fields too high in nitrates might be advantageous. 
Hill (32) found that after 20 weeks the nitrate content was 
decreased and bacterial numbers increased in the soil to which 
0.6 percent of straw had been added. 
Briscoe and Harned (16) noted that on soils treated with oat 
straw and horse manure or inoculated with a soil suspension, de-
pressing effects on crop yields were brought about. 
J..Jemmermann and Einecke (43) made additions of sugar, 
liquid manure and straw alone and in combinations to soil in the 
field. The sugar and the liquid manure were slightly injurious 
to crops the first year, but this effect disappeared the second 
year. The straw had a very injurious effect on the yields of oats 
and mustard, but additions of a nitrate overcame the depressing 
effect. It was concluded that the detrimental effect of the straw 
was due to an increase in the assimilation of the easily available 
nitrogen compounds by microorganisms, thus limiting the sup-
ply of nitrates for crops. 
Rahn (57) found that the addition of large amounts of ·carbo-
naceous matter stimulated the development of the organisms 
which utilize nitrates, thus bringing about a deficiency in- avail-
able nitrogen for crop use which persisted until the organic mat-
ter was decomposed. The addition of nitrate fertilizers he be-
lieved hastened the decomposition and, hence, permitted a quicker 
return to normal conditions in the soil. It was concluded that 
any injury to young seedlings from injurious substances arising 
from the decomposition of nitrogen-poor organic substances is 
improbable under general soil conditions. 
Collison and Conn (17) concluded that there are two causes 
for the harmful effects of straw and certain other plant residues 
on plant growth; first, the production from the decomposing 
straw of a toxic chemical compound which acts upon the plant 
immediately after germination; and second, the stimulation of 
the growth of certain microorganisms which utilize nitrates and, 
hence, reduce the supply available for higher plants. 
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2. NITRATE ASSIMILA'TION IN SOILS 
Berthelot (5) noted the occurrence in the soil of the two dis-
tinct and opposite actions, nitrate production and nitrate utiliza-
tion. 
Breal (12) reported that straw contained an aerobic ferment 
which converted nitrate nitrogen into free nitrogen. In another 
experiment (13, 14) he found that when a nitrate solution was 
treated with straw one-third of the nitrate nitrogen was lost as 
gaseous nitrogen and the organic nitrogen content was greatly in-
creased. 
Frank (27) concluded that certain lower organisms which de-
veloped in the soil had the power of assimilating nitrate nitrogen 
and thus might compete with the higher plants and limit their 
growth unless nitrates were added. 
Deherain (19, 20) confirmed Breal's conclusion that ferments 
which decompose nitrates occur on straw, but he found that 
the amount of nitrates utilized by the ferments was insignificant. 
In another experiment (21) in which soil was treated with 1 or 2 
percent of starch or 1 percent of straw, the nitrates disappeared 
and later reappeared, indicating that the nitrate nitrogen was 
assimilated and not liberated as free nitrogen. . 
Jensen (35) found that when a nitrate solution was inoculated 
with dog manure, the nitrates disappeared, the amount of or-
ganic nitrogen increased and the total nitrogen content was de-
creased but slightly, indicating a practically complete trans-
formation of' the nitrate nitrogen into the organic form. 
Street (69) inoculated 300 cc. of a solution containing 1.25 
grams of sodium nitrate with 30 grams of fresh cow manure and 
found after 24 days that the nitrates had disappeared with a 
marked increase in the amount of organic nitrogen. In a later 
work (70) glucose, wheat straw and pine shavings were added to 
similar solutions. After 33 days the nitrates had disappeared in 
all the cultures and the content of organic nitrogen had in-
creasetl. 
Hiltner (33) concluded that when soils were treated with 
straw, molds and actinomyces were responsible for the disappear-
ance of nitrate nitrogen. . 
Lipman and Brown (42) found that the nitrate content of soils 
stored in boxes and kept moist decreased from JUly to Decem-
ber. Since losses by leaching were excluded and losses by denitri-
fication were improbable under the conditions of the experiment, 
it was concluded that the decrease in the nitrate content was due 
to the transformation of the nitrates into protein. 
Lemmermann, Fischer and Husek (44) found that the nitro-
gen in ammonium sulfate was generally more rapidly trans-
formed into organic nitrogen than was the nitrogen in sodium 
nitrate. ~ 
41 
Stigell (65) inoculated sand in pot culture tests, with several 
organisms and grew various crops. The organisms used were 
B. rnegatheriurn, B. rnesenteroicus lucus, B. vttlgaris, B. pyocya-
netlS, B. sttbtilis, B. coli corlt1nunis, B. prodigioStts and B. bttty-
ricus. Nitrates, nitrites, ammonia and organic nitrogen were de-
termined in the sand. B. pyocyaneus, B. coli cornnwnis and B. 
bntyricus brought about the greatest decrease in the nitrate con-
tent and the largest loss in total nitrogen. It was concluded from 
this study that no harmful effect on crops would occur if suffi-
cient nitrates were present to supply the needs of both the plants 
and bacteria. 
Fischer (24) found that sandy and clay soils, treated with a 
humus extract or with sugar, increased in content of organic 
nitrogen, and the loss in total nitrogen was low. 
Vogel (72) noted a complete disappearance of nitrates from 
liquid cultures thru assimilation by fungi and bacteria when suf-
ficient energy supplying materials were present, but no loss of 
total nitrogen took place. 
Doryland (22) found that certain common ammonia-producing 
organisms become ammonia-consumers in the presence of dex-
trose. In a medium containing dextrose and ammonia as the sole 
source of nitrogen, the ammonia-consumers successfully competed 
with corn for the ammonia. It was suggested that molds are 
probably the most vigorous competitors with the higher pla'1ts 
for nitrogen when the element is present in soil in the form of 
nitrates. The Fargo clay was found to have an inherent ability 
to consume definite quantities of ammonia and nitrates. 'l'he 
ammonia consumption was greater than the nitrate consumption. 
The addition of dextrose increased the consumption of both am-
monia and nitrates. 
Olsner (53) added nitrates to soil supplied with 18 to 50 per-
cent moisture and found a nitrate reduction even when no carbon 
compounds were added as a source of energy. 
Hutchinson (34) added sugar to two soils and after 23, 48 and 
114 days, he found that the numbers of bacteria had increased 
and the content of ammonia and nitrates decreased. It was con-
cluded that some of the nitrogen was lost as elementary nitrogen, 
but that a part of it was assimilated or elaborated into bacterial 
protein even under favorable conditions for denitrification. 
Russell and Richards (59) suggested that certain soil organ-
isms assimilate nitrates and leave residues which later give rise 
to a production of nitrates. Murray (51) found that additions 
of straw had a harmful effect on nitrate accumulation in the soil. 
Scott (64) found that the addition of ammonium sulfate with 
straw to the soil decreased the nitrate reduction brought about 
by the straw. 
Albrecht (2) and Albrecht and Uhland (3) noted that nitrates 
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did not accumulate under a straw mulch and attributed this to a 
reduced evaporation of water and poor aeration. 
Bizzell (11) noted that the nitrate content of the soil was low 
under timothy even, where large applications of nitrates had 
been made. The nitrates in the drainage water and the nitrogen 
in the timothy did not account for all of the nitrates which disap-
peared. It was concluded that some of the nitrate nitrogen was 
assimilated by soil organisms. 
Lyon, Bizzell and Wilson (46) found that the disappearance 
of nitrates from soil on which plants were growing could not 
be entirely accounted for by leaching and assimilation by the 
plants and suggested that the carbonaceous matter liberated 
by the growing :plants favored the development of the nitrate-
consuming bacteria in the soil which increased the loss of nitrates. 
Further evidence supporting this theory was presented by Wilson 
and Lyon (75). 
Meggitt (49) determined the organic, nitrate and total nitro-
gen in soils treated with sugar and straw. It was found that 
nitrates disappeared and the organic nitrogen content increased 
in an equivalent amount. 
Wilson and Wilson (76) added 0.5 percent of timothy hay and 
5 mgm. of nitrate nitrogen to 100 gram quantities of soil. The 
nitrates disappeared in three to six days but reappeared after 
five weeks. 
Craig and Giraud (18) found that large additions of molasses, 
dried green manure and dried farm manure caused a transforma-
tion of the nitrate nitrogen into organic forms with no loss of 
total nitrogen, except with the farm manure. 
Stoklasa and Doerell (68) noted a relationship between the re-
action of the soil and its "nitrate-absorbing power," acid soils 
showing a lower absorbing power. It was also found that the 
nitrate-absorbing power of the soil depended upon the content 
of organic matter and the available phosphorus and potassium 
present. . 
Allison (4) studied the effect of manure and sodium nitrate 
on the accumulation of nitrates in the soil after 13, 21, 52 and 
83 days. The smallest quantity of nitrates was generally found 
at the end of 21 days, after which there was lin increase in some 
instances, but the nitrate content was usually low until after 83 
days. 
Waksman (73) listed 33 spore-forming bacteria which reduce 
nitrates to nitrites or ammonia. He concluded that when fresh 
organic matter is added to the soil, certain fungi and spore-
forming bacteria at once become very active, and this activity 
continues until the organic matter is changed to a certain condi-
tion, which may be called humus. These organisms then become 
inactive again until a fresh supply of energy is introduced into , 
the soil. 
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Recently Heck, Fred and Whitson (30) concluded that soil 
fungi are largely responsible for the rapid decrease in the 
amount of available nitrogen in soils when the energy supply i§l 
increased. 
3. MICROORGANISMS CAPABLE OF UTILIZING NITRATE 
NITROGEN 
Fitz (28) found that Mucor racemosus developed a luxuriant 
growth in a nutrient solution containing only nitrate nitrogen. 
Schloesing and Muntz (60) noted that Aspergillus nigwr, 
Mucor mucedo, M. racemosus, Mycoderma vini and aceti con-
verted nitrate nitrogen quantitatively into organic combinations. 
Nageli and Loew (52) were convinced that nitrates represented 
a satisfactory source of nitrogen for bacteria and molds but were 
not suitable for yeasts. 
Heraus (31) isolated two bacteria which were able to utilize a 
nitrate without first reducing it. 
Beijerinck (6) found that the legume bacteria were able to 
assimilate small amounts of nitrates, ammonia and organic nitro-
genous compounds in the presence of cane sugar. In later work 
(7) he noted that Stl'eptothrix chl'omogena could assimilate ni-
trate nitrogen as well as other forms of nitrogen, and (8) that 
Azotobacter were able to assimilate nitrates from solutions con-
taining 1 gram of potassium nitrate per liter. 
Maassen (48) found that 27 bacteria were able to utilize nitrate 
nitrogen, but ammonia or nitrites or both were first formed. It 
was concluded that "a direct assimilation of nitrates can be 
proven for no species of bacteria." 
Stoklasa (66) concluded that two classes of organisms were 
concerned . in the conversion of nitrates in the soil: Those 
which under proper conditions reduced nitrate to elementary 
nitrogen, and those which carried the reduction to ammonia. 
Nitrite was formed in all cases as an intermediate product. 
Gerlach and Vogel (29) isolated from soils and manure seven 
species of bacteria which utilized nitrate nitrogen, converting it 
into protein. They were described as short rods, aerobic, motile 
and non spore-forming. They liquefied gelatin and did not pro-
duce acid or gas in a grape sugar-nitrate medium. 
Beijerinck and VanDelden (9) found that Bact. oligocarbo-
philis could utilize nitrogen from a variety of nitrogen com-
pounds, including nitrates. 
Duggeli (23) concluded that the different strains of B. herbi-
cola belong to a group of organisms which utilize nitrates as well 
as ammonia as a source of nitrogen. 
Investigations by Stutzer and Rothe (71) showed that Mucor 
stolonifer, Aspergill1ts glatIC1tS, Penicilli1tm glaucum, Strepto-
tl'ix odorifem, B. s1tbtilis and B. prodigious transformed the 
nitrogen of nitrates and ammonium salts into albuminoid sub-
stances. 
44 
Lohnis (45) isolated Bact. agl'este n. sp. and described it as an 
active nitrate-assimilating organism. . 
Stoklasa and Vitek (67) found that Clostt'iditLrn gelatinoStL1n 
in an arabinose medium converted 46 percent of the nitrate nitro-
gen into ammonia and utilized about 6 percent of the nitrogen in 
the production of protein. B, hadlebii assimilated 33.6 percent 
of nitrate nitrogen and converted it into albuminoids. 
Bierema (10) reported the results of qualitative and quantita-
tive tests on nitrogen assimilation by soil microorganisms. About 
150 species were isolated and identified. Bact. agt'este, B, fltL01'es-
cens, P. glaucunt, B. l'adiobactel' and H errnodendl'on clado-
sp01'ioides assimilated nitrates, converting the nitrogen into or-
ganic forms. The B. pneurnoniae-mdiobactM' group, B. f1Llvum, 
B. puncta tum, B. fluol'escens and B. r-adiobactet' with calcium lac-
tate as a source of carbon brought about an almost complete de-
nitrification or evolution of free nitrogen. B. mdiobactet· and 
B. chysogloea in a dextrose medium cqnverted the nitrogen of 
nitrates largely into ammonia but did not assimilate the ammonia 
nitrogen. Ammonium sulfate, tartrate, lactate and urea were 
utilized quite as well as nitrates. 
Ritter (58) found that Aspet'gillns glauC1ts, Mucor mcemosus 
and Cladosp01'ium hM'barum could utilize nitrates and ammonia 
as sources of nitrogen. Fousek (25) found species of Stt'epto-
thrix which utilized various compounds of nitrogen, including 
nitrates. 
Munter (50) found that Actinomyces odor'ifem, Act. chromo-
genes, Act. alb1LS and Act. s. b. did not reduce nitrates to am-
monia. The nitrates which disappeared were utilized by the or-
ganisms. 
Seiser and Walz (63) demonstrated that a pure culture of 
Bact. putidum assimilated, under anaerobic conditions, about 10 
percent of the nitrate nitrogen in the medium, but under aerobic 
conditions, nearly 33 percent of the nitrogen was assimilated. 
It is apparent from this review of the literature that many 
nitrate-assimilating microorganisms are in the soil and when 
fresh organic material, especially that having a wide carbon-
nitrogen ratio, is added to the soil, these organisms are stimu-
lated to greater activity and may change much of the available 
nitrogen into organic combinations. When crops are grown on 
soils treated with large amounts of organic materials these nitrate 
assimilating bacteria may compete with the plants for nitrates, 
and the crops may actually suffer from nitrogen starvation. Such 
injurious effects on crops from organic matter additions to soils 
may be prevented by supplying readily available nitrogen. It is 
possible that the nitrate-assimilating power of the particular soil 
might indicate the amount of available nitrogen which should be 
applied. 
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While there has been little study of the nitrate-assimilating 
microorganisms, it has been rather definitely proved that many 
microorganisms are able to utilize nitrates as a source of nitrogen. 
The direct assimilation of nitrates by a definite organism, how· 
ever, can hardly be claimed to have been demonstrated. 
EXPERIMENTAL 
The purpose of this work was to determine the nitrate-assimi-
lating power of some Iowa soils, to study the effect of various 
soil treatments on the nitrate-assimilating power of the soil and 
to study some of the nitrate-assimilating soil microorganisms. 
PART I. THE NITRA'TE ASSIMILATING POWER OF THE SOIL 
1. SOLUTION S'I.'UDJES 
Preliminary studies were made on nitrate assimilation in soils 
to determine, by tests in solution cultures, whether the nitrate 
nitrogen was being assimilated or lost as nitrogen gas. Two 
soils from the four-year rotation series of the fertility plots from 
the Agronomy Farm of the Iowa Agricultural Experiment Sta-
tion were used. Soil 1 was from a check plot and soil 2 from a 
crop residue-treated plot, the residues consisting of cornstalks, 
straw from the small grains and the second cutting of clover, in 
a three-year rotation of corn, oats and clover. Ten grams of 
each soil were used to inoculate 150 cc. portions of a nitrate solu-
tion, each containing 20.83 mgm. nitrate nitrogen in 500 cc. 
Erlenmeyer flasks. The cultures were incubated at 25° C. for 8 
days. Duplicate flasks were tested qualitatively after 2, 4, 6 and 
8 days incubation for nitrate content. The results of this test 
are given in table I. These tests showed a gradual decrease in 
the nitrate content of the culture solutions from 2 to 6 days and 
after 8 days all traces of nitrates had disappeared. Total nitro-
gen determinations made on the cultures after 8 days showed an 
increase over the nitrogen present at the beginning of the experi-
ment. This indicates that the nitrate nitrogen had been assimi-
lated and not reduced to nitrogen gas and lost from the culture. 
2. SOIL STUDIES 
Tumblers were used for the soil studies. The equivalents of 
100 grams of dry soil were weighed into tumblers and 3 milli-
grams of nitrogen as potassium nitrate added in solution. The 
TABLE I. NITROGEN TRANSFORMATION IN SOLUTION CULTURES. 
Mgm. N. at beginning Mgm. N. after eight days Increase in N. over that 
Soil no. at the beginning. Mgm. 
Total N. NO,-N. Total N. NO,-N. Total N. NO,-N. 
1 34.69 20.83 37.00 trace 2.31 -20.83 
2 38.19 20.83 41.06 trace 2.87 -20.83 
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moisture content was adjusted to 50 percent of the saturation 
capacity of. the soil, and the cultures were incubated at room tem-
perature for 8 days. Total nitrogen determinations were made 
by the Kjeldahl method, modified to include nitrates, and the 
nitrates were determined colorimetric ally by the phenoldisulfonic 
acid method. 
The soils used in the t est had been treated three weeks pre-
viously in 4-gallon pots in the greenhouse and the moisture con-
tent of the soils maintained at 50 percent of the saturation capaci-
ty. Soil 1 was untreated and served as a check, soil 2 received 
an application of fresh farm manure equivalent to 10 tons per 
acre, and soil 3 received an application of dry oat straw equiva-
lent in nitrogen to the nitrogen supplied in the manure. The re-
sults are given in table II. 
The results obtained in the soil tests were similar to those se-
cured in the solution cultures. In the soil treated with dry oat 
straw all of the nitrate nitrogen had been assimilated and practi-
cally no increase in total nitrogen had occurred in 8 days. The 
manured soil showed no assimilation, whereas in the untreated 
soil a small amount of nitrates was assimilated. In both the ma-
nured soil and the untreated soil the total nitrogen increased 
considerably over the amount present at the beginning. 
TABLE II. TRANSFORMATION IN SOIL TESTS. 
Milligrams N. in 100 grams dry soil 
Soil Treatment I Mgm. Increase in 
no. A t beginning After 8 days NO.-N. N. over that 
- Assimilated at beginning 
Total N . NO.-N. Total N. NO.-N. toWN. Mgm 
1 Check 240 .7 6 .07 251.3 5 .19 0 .88 10 .6 , 
2 10 T . farm 
manure per A. 259 .4 4 .41 263 .9 5 . 15 -0 .74 4 . 5 
3 N. equivalent as 
oat straw 256 .3 3 .00 256 . 5 0 3 .00 0 .2 
3. EFFECT OF VARYING THE AMOUNT OF NITRATES ADDED AND THE 
LENGTH OF INCUBATION PERIOD 
The amount of nitrate added to the soil in the test and 
the length of the incubation period are both undoubtedly 
important in the determination of the nitrate assimilating power 
of soils. This test was planned to ascertain what the effect of 
variations in these experimental conditions might be. The tum-
bler method was used, 5, 10 and 20 milligrams of nitrogen being 
added from a solution of potassium nitrate. The moisture con-
tent of the soils was adjusted to 50 percent of the saturation 
capacity, and the cultures were incubated at room temperature 
for 4 and 14 days. The results are given in table III. 
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TABLE TIL THE EFFECT OF DIFFERENT NITRATE ADDITIONS AND LENGTH 
OF INCUBATION PERIOD ON THE NITRA TE-ASSIMILA TING POWER 
Mgm. NO , -N. 
added 
None 
5 . 00 
10 . 00 
20.00 
OF THE SOIL. 
Mgm. NO ,-N. assimilated per 100 grams dry soil 
4 days 14 days 
trace trace 
1.02 1.04 
1.30 4 .97 
3 .37 9 . 53 
The amount of nitrate nitrogen assimilated was determined by 
subtracting the amount present in the treated soil after incuba-
tion from the amount in the untreated soil after incubation, plus 
the amount added. 
The amount of nitrate nitrogen assimilated after four days 
when 5 milligrams of nitrate nitrogen were added was about the 
same as that assimilated after 14 days. The assimilation in-
creased with the larger amounts of nitrates added at the 4 and 
14-day incubation periods, the greater amount being assimilated 
after the longer incubation. 
4. NITRATE-ASSIMILATING POWER OF SOME IOWA SOILS 
The nitrate-assimilating power of samples of Shelby loam, Mar-
shall silt loam, Waukesha silt loam and Grundy silt loam was de-
termined by the soil method, modified by additions of dextrose, 
starch and straw. The samples of soil were taken from the sur-
face 6 inches, air-dried aud ground to pass the 2 mm. sieve. One 
hundred grams of the air-dry soil were weighed into tumblers. 
Six sets of tumblers were run in duplicate, the treatments being 
soil alone, soil plus 1 percent of finely ground oats straw, soil 
plus 1 percent of straw plus 25 mgm. of nitrate nitrogen as 
potassium nitrate, soil plus 0.5 percent dextrose and soil plus 0.5 
percent dextrose plus 25 mgm. of nitrogen as potassium nitrate. 
The dextrose and straw were added dry and were mixed well with 
the soil; the nitrate was added in solution. The moisture con-
tent of all the soils was adjusted to 50 percent of the saturation 
capacity. The cultures were incubated at room temperature, 
some for 2 and some for 4 weeks. After incubation the :nitrates 
were determined colorimetric ally by the phenoldisulfonic acid 
method. The results are given in table IV, only a part of the 
tests being run on the Grundy silt loam. 
The data show that the various soils had a different nitrate-
assimilating power and that this was increased by additions of 
1 percent of straw or 0.5 percent of dextrose. The nitrate-as-
similating power of the different soils was roughly proportional 
to their nitrifying power. A larger nitrate assimilation occurred 
in the soils treated with 0.5 percent dextrose in 2 weeks than in 4 
weeks with or without the addition of nitrate nitrogen. In 
the soil alone none of the soils showed any nitrate assimilating 
·1 
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TABLE IV. THE NITRATE-ASSIMILATING POWER OF SOME IOWA SOILS. 
Mgm. NO , -N. assimilated per 100 gms. dry soil 
AI ter 2 weeks After 4 weeks 
--------
---
------------
Soil Soil + Soil + Soil Soil + Soil + Soil + Soil + Soil + 
0 . 5 % 0 .5 % 25 mgm . 1 % 1 % 0. 5 % 0.5 % 
dextrose dextrose NO , -N. s traw s traw de~trose dextrose 
+ 25 + 25 + 25 
rogm. mgm. mgm. 
NO,-N . NO, -N. NO,-N. 
---------------------
Shelby loam 4 . 20 13 .50 -2.72 5 . 60 4 . 20 13.00 . 4 . 20 13.00 
M arshall sil t 
loam 5 . 15 14.90 -3 . 24 6 .25 5 . 15 13. 50 3 . 39 13.00 
Waukesha silt 
loam 6 . 78 18 . 18 -4 . 90 8 . 68 6 . 16 13.93 5 .32 14 .48 
Grundy silt 
loam - -- -0 . 71 -0.72 - 6.43 - 9 . 28 
power. After 4 weeks incubation with nitrate added, the Grundy 
silt loam showed no assimilation, but the other soils all showed 
high assimilating powers, the Waukesha silt loam being the high-
est, followed by the Marshall silt loam and the Shelby loam. 
The soils ranked similarly in nitrate assimilating power by the 
three tests, after 2 weeks incubation the Waukesha silt loam 
being the highest, followed by the Marshall silt loam and the 
Shelby loam. With the 0.5 percent dextrose added, after 4 weeks 
incubation, the assimilation was less in the Marshall and "\Vauke-
sha silt loam, and the same in the Shelby loam. The "\Vaukesha 
silt loam, however, still showed the highest assimilation. W:th 
the dextrose and nitrate additions, the assimilation was much 
greater after 2 weeks and 4 weeks, but the figures were relatively 
similar for the three soils to those secured with the dextrose alone. 
With straw and nitrate the figures were much the same as with 
dextrose and nitrate after four weeks incubation. The Waukesha 
silt loam was the highest in nitrate assimilating power in all 
cases. "\Vith the Grundy silt loam there was a higher assimilating 
power with the dextrose and nitrate after 4 weeks than with the 
straw and nitrate. . 
These r esults indicate that soils may have a different nitrate-
assimilating power. They also show that with a soluble carbo~y­
drate and nitrate added, an incubation period of 2 weeks is bet-
ter than a longer period. The results with dextrose and nitrate 
after 2 weeks showed greater differences among the soils than 
those with straw and nitrate after 4 weeks incubation. 
PART II. THE EFFECT OF SOIL TREATMENT ON THE NITRA'rE 
ASSIMILATING POWER OF THE SOIL 
1. CARRINGTON LOAM 
Carrington loam was treated in 4-gallon earthenware pots in 
the greenhouse with farm manure at the r ate of 10 tons per acre 
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and with straw manure (composted straw) and dry straw on an 
equivalent nitrogen basis. The moisture content was adjusted 
to 50 percent of the saturation capacity, and after one week sam-
ples were taken for nitrate assimilation tests. 
The equivalents of 100 grams of dry soil were weighed into 
tumblers, 3 milligrams of nitrogen added from a solution of po-
tassium nitrate and the moisture content adjusted to 50 percent 
of the saturation capacity. Nitrates were determined after 6 
hours, 12 hours, 18 hours, 24 hours, 48 hours and 8 days. The 
results are given in table V. 
In the soil treated with straw, nitrate assimilation began im-
mediately. All of the nitrate had disappeared in 24 hours and 
no nitrate accumulation had occurred in 8 days. Nitrate assimi-
lation was large in the soil treated with the straw manure after 18 
hours, while there was no nitrate assimilation, and considerable 
nitrate had accumulated after 8 days. The farm manure increased 
nitrate assimilation very little until after 18 hoUl's, but showed a 
higher assimilation at 24 hoUl's and a smaller assimilation at 8 
days. The assimilating power was never as high as with the straw 
and straw manure. 
s 
TABLE V. EFFECT OF SOIL TREATMENT AND LENGTH OF INCUBATION 
PERIOD ON THE NITRATE-ASSIMILATING POWER OF CARRINGTON LOAM. 
Mgm. NO ,-N. per 100 gms. Mgm. NO .--N. aS8imiliated per 
dry soil 100 gms. dry soil 
oil Treatment Soil Soil + 3 mgm. NO ,-N. Soil + 3 mgm. NO ,-N. 
nco in - - - - - - - - ------- - --
be- 6 12 18 24 48 8 6 12 18 24 48 8 
gin- hrs. hrs. hrs. hrs. hrs. days hrs. hrs. hra. hra. hra. days 
ning 
- - - - - -
- --------
---
I Check 1.55 4.35 4.33 4.33 4.70 4.75 5.19 0.20 0.22 0.22 - 0.15 - 0.20 -O.M 
2 Farm ma-
nure 8 T. 
per acre ' 3.52 6.40 6.56 6.85 4.11 4.59 5 . 15 0.12 - 0.04 - 0.33 2.41 1.93 1.37 
3 N. equi-
valent as 
E'ltraw 
manure 2.43 5.28 4.55 1.95 5.27 5.68 7.50 0.15 0.88 3.48 0.16 0.25 -2.07 
4 N. equi-
valent as 
straw trace 2.67 2.25 2.20 0 0 00.33 0.75 0.80 3.00 - -
2. MARSHALL SILT LOAM AND GRUNDY SILT LOAM 
The soils for this experiment were taken from outlying ex-
perimental fields, which had been under treatment for several 
years. The samples were taken from the surface 6 inches on foul' 
of the differently treated plots, air-dried and passed thru the 
112 mm. sieve. One hundred grams of the air-dry soil were 
weighed into tumblers in foUl' sets of duplicates. One set was 
incubated with the soil alone, a second set of soil with 25 milli-
grams of nitrogen as potassium nitrate, a third set with 1 per-
cent of finely ground dry oat straw and 25 mgm. of nitrate nitro-
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gen, and a fourth set with 0.5 percent dextrose and 25 mgm. of 
nitrate nitrogen. The moisture content of the soils was adjusted 
to 50· percent of the saturation capacity, and they were incubated 
for 4 weeks, after which time the nitrates were determined. The 
results are given in table VI. 
TABLE VI. EFFECT OF SOIL TREATMENT ON THE NITRATE-ASSIMILATING 
POWER OF MARSHALL SILT LOAM AND GRUNDY SILT LOAM. 
Mgm. NO .- N. assimilated per 100 gms. dry soil 
Marshall silt loam Grundy silt loam 
-----------------------
Plot Treatment Soil Soil + oil + Soil + Soil Soil + Soil + Soil + 
no. alone 25 mgm. J% 0.5% alone 25 mgm. 1% 0.5 % 
NO.- N straw dextrose NO.-N. straw dextrose 
+ 25 +25 +25 + 25 
mgm. mgm. mgm. mgm. 
NO ... N NO.-N. NO,-N. NO.-N. 
---------------------
I Check -2.53 1.72 0.07 7.67 -0.71 -0.43 5.72 8 . 57 
2 Manure -3.64 -0.78 5.12 8.07 -5.17 -3.60 1.15 3.50 
3 Manure 
+ lime -3.56 1.14 4 . 54 6.09 -4.88 -3.60 4 . 20 4.70 
4 Manure 
+ lime 
rock 
phosphate -4.39 -0.01 4.01 6 . 66 -4.95 -1.60 4 . 35 6.55 
The nitrifying power of Marshall silt loam was increased by the 
soil treatment as is shown by the lack of nitrate assimilation 
when the soil was incubated alone . . With an addition of nitrate 
nitrogen there was a small nitrate assimilation in the check soil 
and in the manure and lime treated soils. The manured soil 
showed no assimilation and a very slight nitrification, while in the 
soil treated with manure, lime and rock phosphate neither process 
was shown. The addition of the straw or dextrose with the ni-
trate increased the nitrate assimilation, the dextrose having 
slightly more effect" than the straw. ~'vith these treatments the 
soil receiving manure alone showed the greatest nitrate-assimi-
lating power. The other results were variable. 
The nitrifying power of Grundy silt loam was increased by the 
soil treatments, and no assimilation occurred. The addition of 
25 mgm. of nitrate nitrogen changed the relationship somewhat, 
but still no nitrate assimilation was shown with any of the soil 
treatments. The addition of straw and dextrose led to some 
nitrate assimilation in Grundy silt loam, the dextrose having a 
greater effect than the straw. 'With both, the greatest assimila-
tion appeared in the check soil. With the treated soils the results 
were variable, but the soil treated with manure, lime and .'l. pho&-
phate was second. 
rt was shown in another test that a larger nitrate assimilation 
was obtained with a shorter incubation period when dextrose was 
used. Undoubtedly the length of the incubation period, the 
amount of nitrate added and the additio.n of straw or soluble 
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carbohydrate all affect the nitrate-assimilating power of the soil. 
These variations may possibly account for the variable results 
for the treated soils, but it does appear that with the Grundy silt 
loam all the treatments depress nitrate assimilation, the treat-
ment with manure, lime and rock phosphate having the least de-
pressing effect. With the Marshall silt loam the results varied 
under the straw and dextrose treatment. In both cases, however, 
the manure-treated soil showed the highest nitrate-assimilating 
power. 
3. EFFECT OF ARTIFICIAL MANURES AND FARM MANURE ON · 
NITRATE ASSIMILATING POWER OF CARRINGTON LOAM 
In this experiment the artificial manures and farm manure 
were applied at the rate of 8 tons per acre on 1/20 acre plots 
and plowed under in May, 1929. The field was planted to corn, 
and soil samples were taken five times during the summer from 
June 28 until Aug. 23. The nitrate-assimilating power of the 
soils was determined by the tumbler method, 2 grams of dextrose 
and 20 mgm. of nitrate nitrogen were used and the material incu-
hated 4 weeks. The results are summarized in table VII. 
The nitrate-assimilating power of all treated soils was lower 
than that of the untreated soils at the time of the first sampling. 
Only slight differences were shown from the effects of the various 
treatments. At the second sampling the results were similar but 
there was a much smaller nitrate assimilation. At the third and 
fourth samplings the nitrate-assimilating power of all soils was 
increased. The various treatments again had very similar effects. 
At the last sampling the nitrate assimilation was reduced, but it 
was higher than at the second sampling. The results as a whole 
indicate that the dextrose increased the assimilation of nitrates 
to a maximum and masked any effect which the different treat-
ments may have had. 
TABLE VII. EFFECT OF ARTIFICIAL MANURES AND FARM MANURE ON 
THE NITRATE-ASSIMILATING POWER OF CARRINGTON LOAM. 
Plot Treatment Mgm. NO • -N. assimilated per 100 gms. dry soil 
no. 
June 28 July II July 26 August 8 August 23 
1 Check 14 .49 4.04 13.88 11.56 7.39 
2 Farm manure 11 .00 4.24 14.08 11.43 6.96 
3 Adco-cornstalk 
manure 11 .16 3.77 14.05 11.45 7.14 
4 Adco-straw manure 10 .90 . 3.79 14 .29 11.50 6.48 
5 Straw manure 7 . 16 
I 
4.79 13.22 11 .20 5.93 
6 Check 7 .47 3.80 13.67 11 .72 6 .02 
4. NITRATE-ASSIMILATING POWER OF CARRINGTON LOAM UNDER 
CONTINUOUS CORN AND UNDER A THREE-YEAR ROTATION 
CONTINUOUS CORN 
Samples of soil were taken from the continuous corn plots at 
the Agronomy Farm four times during the summer of 1929 from 
Plot 
no. 
1 
2 
3 
4 
5 
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TABLE VIII. THE NITRATE-ASSIMILATING POWER OF THE SOIL 
UNDER CONTINUOUS CORN. 
Treatment Mgm. NO ,-N. assimilated per 100 gms. dry soil 
July 2 July 26 August 8 August 23 
Check 9.13 15.02 12.50 10.14 
Manure 9.45 14.94 12.41 11 .10 
Manure + Lime 8.95 15.07 11.84 11.08 
Lime 9.43 14.75 11. 67 10.23 
Check - 15.13 12.40 10.10 
Juiy 2 until Aug. 23. The nitrate-assimilating power was tested 
as in the above experiment. The average nitrate assimilation in 
the soils at the different samplings is given in table VIII. 
The results show that the nitrate-assimilating power of the soils 
varied at the different samplings and was the smallest at the first 
date. The largest assimilation occurred at the second sampling, 
and there was a decrease at the third and fourth samphngs. The 
various treatments had little effect on the nitrate-assimilating 
power of the soil. The manure showed a small increase in two 
cases and the manure and lime gave slight effects at two dates. 
The lime alone had a very slight effect. The differences in general 
were too small to be significant. 
THREE YEAR ROTATION 
Soil samples were taken from the corn plots of the three-year 
rotation at the Agronomy Farm three times during the summer 
of 1929, from July 26 until Aug. 23, and the nitrate-assimilating 
power of the soils determined as before. The results are given in 
table IX. 
The nitrate-assimilating power of all soils was high at thn first 
sampling, and there were no significant differences in the soils un-
der the different treatments. At the second sampling nitrate as-
similation was decreased, and at the third date only one-third to 
one-half as much nitrate was assimilated as at the first sampling. 
At this latter sampling some effects of the various treatments 
were indicated, but they were not very definite when compared 
to the results on the different soils. In the soils under the three-
year rotation compared with those under continuous corn, there 
Plot 
no. 
1 
2 
3 
4 
5 
6 
TABLE IX. THE NITRATE-ASSIMILATING POWER OF THE SOIL 
UNDER A THREE-YEAR ROTATION. 
Treatment Mgm. ~O,-N. assimilated per 100 gms. dry 80il 
.Tuly 26 August 8 August 23 
Check 15.11 11.45 3.59 
Manure 15.11 11.93 6.81 
Manure + Lime 15.02 11.58 4.77 
Crop Residues 15.01 11.87 5.34 
Crop Resid ues + Lime 15.03 11.82 7.19 
Check 15.06 11.88 7.76 
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was a very similar nitrate assimilation on July 26 and on Aug. 8, 
but on Aug. 23, there was a greater assimilation in the soils under 
the continuous corn. 
PART III. NITRATE ASSIMILATION BY SOIL 
MICROORGANISMS 
It was noted in the studies on artificial manures described 
earlier in this work that nitrate accumulation occurred most ac-
tively after about six weeks. This seems to indicate that the ac-
tive nitrate-assimilating ' organisms might best be isolated during 
the time when the nitrates are being assimilated faster than they 
are being produced. A number of isolations were made for the 
purpose of studying nitrate assimilation in pure cultures and for 
a study of the nitrate-assimilating organisms. 
1. ISOLATION OF THE ORGANISMS 
Carrington loam was treated in 4-gallon pots in the greenhouse 
with dry oat straw at the rate of 2 tons per acre. The straw was 
ground to pass a V2 inch sieve and was thoroly mixed with the 
soil. The moisture content of the soil was adjusted to 50 percent 
of the saturation capacity. After four weeks the nitrates present 
in the soil in the beginning had disappeared and the nitrate con-
tent of the soil was reduced to a trace. 
Samples of the soil were taken aseptically and enrichment cul-
tures made by using about 10 grams of the moist soil in 100 cc. 
of a nitrate solution in 500 cc. Erlenmeyer flasks. The nitrate 
solution contained 1 percent glucose, 0.1 percent potassium ni-
trate, 0.05 percent dibasic potassium phosphate and 0.02 percent 
calcium chloride. The reaction of the solution was adjusted to a 
pH of 7.0 by the addition of 1 percent sodium hydroxide. The 
enrichment cultures were incubated at 25 ° C. and dilution plates 
poured on nitrate agar after 3 days. Typical colonies were se-
lected and transfers made to agar slants of the same medium. A 
number of cultures were selected for a special study of their bio-
chemical reactions and their physiological characteristics. 
Dilution plates were poured on Waksman 's synthetic acid me-
dium and incubated at 25° C. for three days, after which typical 
cultures of molds were transferred to agar slants of the same 
medium for a special study of their nitrogen requirements. 
The manual of methods for Pure Culture Study of Bacteria 
published by the Society of American Bacteriologists was fol-
lowed in the study of the cultural and physiological character-
istics of the bacteria. 
2. DESCRIPTION OF THE ORGANISMS 
The bacteria occur generally as short rods about 0.5 to 0.8 
micron long, Gram-negative, non spore-forming and produce a 
yellow or green pigment in nitrate agar. Pigment is not pro-
duced by all cultures, and some occur as spherical rods or small 
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cocci. Growth is poor on ordinary nutrient agar, but good 
growth is made when first isolated in nitrate agar. After a num-
ber of transfers on nitrate agar, however, the cultures are main-
tained only with · difficulty, many being lost. The cultures may 
be divided into two general groups in relation to nitrate reduc-
tion. Nitrate is not reduced to nitrite an'd nitrite does not serve 
as a source of nitrogen for one group of cultures; whereas, the 
other group reduces nitrate to nitrite and nitrite is either utilized 
as a nitrogen source, or it is further reduced to nitrogen gas. The 
organisms make good growth with nitrite as a source of nitrogen 
and ammonia is not formed. Of course, it is possible that deni-
trification occurs, but since there was no loss of nitrogen in some 
pure culture tests it seems quite probable that the nitrite formed 
from the nitrate is assimilated. The cultural and physiological 
characteristics are quite variable, and undoubtedly a number of 
species is represented. The large group of Gram-negative rods, 
however, that produces a green pigment seems to be definitely re-
lated to the genus Pseudomonas. The systematic relationship of 
these bacteria is being studied further. 
3. NITRATE ASSIMILATION AND DENITRIFICATION BY PURE CULTURES 
OF; MICROORGANISMS 
Nitrate assimilation and denitrification by pure cultures of soil 
organisms were studied both in solution and in soil cultures in 
eight series of experiments. When solution cultures were em-
ployed, 100 cc. of the nitrate solution referred to above were ster-
ilized in 500 cc. Erlenmeyer flasks in the autoclave at ]5 pounds 
pressure for 15 minutes. One cc. of a 24-hour culture in nutrient 
broth was used for inoculation. Dilution plates were poured from 
the cultures used for inoculation, and the number of viable germs 
determined. The nitrate disappearance was considered .to indi-
cate nitrate assimilation. In series II, III, V, VI, VII and VIII 
where soil cultures were used, 100 gram equivalents of dry soil 
which had been passed thru the 2 mm. sieve and well mixed were 
weighed into 500 cc. Erlenmeyer flasks, the moisture content ad-
justed to 50 percent of the saturation with distilled water, con-
taining a known amount of nitrogen as potassium nitrate. In 
series VIII the same procedure was followed except that 1,000 cc. 
Erlenmeyer flasks were used and the soils sterilized at 15 pounds 
pressure for 3 hours on 3 successive days. Dilution plates were 
always poured from the sterilized soil and incubated 3 to 6 days 
at 25 ° C. before inoculation. No organisms ever developed on 
any of the plates poured from the sterilized soil. 
The nitrate nitrogen was determined in the soil cultures colori-
metrically by the phenoldisulfonic acid method and in the solu-
tion cultures by the Devarda reduction method. Total nitrogen 
was determined by the modified salicylic acid method. 
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SERIES I TABLE X. NITRATE ASSIMILA-
TION IN SOLUTION CULTURES 
Mgm. Mgm. 
One hundred cc. of nitrate so-
lution' containing 9.42 mgm. of 
Organism NO.-N NO.-N nitrate nitrogen as potassium ni-
after 3 days assimilatee 
-------- ---- trate in 500 cc. Erlenmeyer flasks 
N~~'l.~oi ~:~~ 2 . 20 we r e sterilized, inoculated with 
culture No. 167 and incubated 
nitrate cl)ntent was 
for three days after which the 
determined. The results are given in 
in table X. 
The data show that 2.20 mgm. of nitrate nitrogen were assimi-
lated by culture No. 167 in three days. 
SERIES II 
Duplicate flasks of sterile soil containing 17.90 mgm. of nitrate 
nitrogen as potassium nitrate were inoculated with a 1 cc. suspen-
sion. of culture No. 167. After an incubation period of six days 
the nitrate content of the inocu-
lated and uninoculated soils was T*I~~EI~I.so~LT~rtl~ui~J.MILA 
determined. The results are giv-
en in table XI. 
In the soil this organism as-
similated 2.90 mgm. of nitrate ni-
trogen in six days. 
SERIES III 
Organism 
Control No. 167 
Mgm. Mgm. NO ,-N. NO.-N. 
after 6 days assimilated 
17.90 -
15 . 00 2 . 90 
Duplicate flasks of sterile soil containing 15.30 mgm. of ni-
trate nitrogen were inoculated with a 1 cc. suspension of cul-
ture No. 175 and incubated for six days after which the nitrate 
content was determined. The results appear in table XII. 
Culture No. 175 assimilated on-
TA~1~~VN W6fft1li~~~rsI.A- Iy 0.10 mgm. of nitrate nitrogen 
in six days. This amount is, of 
Organism 
Control No. 175 
Mgm. 
NO.-N. 
,,-fter 6 days 
15 .30 
15 . 20 
Mgm. NO,-N. 
assimilated 
0 . 10 
course, within the experimental 
error. No counts were made on 
the organisms present in this soil 
after the experiment, but quali-
tative tests showed it to be pres-
ent. No doubt growth was poor 
due to a lack of readily available energy material. 
SERIES IV 
One hundred cc. of a nitrate ' 
solution containing 9.42 mgm. of 
nitrate nitrogen in 500 cc. Erlen-
meyer flasks were sterilized, in-
oculated in quadruplicate with 
cultures 166 and 170. After an 
incubation period of three days 
TABLE XIII. DENITRIFICATION IN SOLUTION CULTURES. 
Mgm. Mgm. 
Organism NO.-N. NO . -N. 
after 3 days reduced 
Control 9 . 42 No. 166 6 . 58 2 .84 No. 170 6 . 46 2 . 96 
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the nitrate content was determined. The results are given in 
table XIII. 
Culture No. 166 denitrified or reduced 2.84 mgm. of nitrate 
and culture No. 170 reduced 2.06 mgm. of nitrate nitrogen in 
three days. While qualitative tests showed the presence of 
nitrite, the amount usually was small, the nitrite being utilized by 
the organisms almost as fast as it was produced. 
SERIES v 
Duplicate flasks of soil containing 17.90 mgm. of nitrate nitro-
gen were inoculated with cultures No. 166 and 170. After six 
days incubation the nitrate content was determined. The results 
are shown in table XIV. 
With culture No. 166 there 
TABLEIl~YoILD~m¥~ir~~ATION was a dentrification or reduction 
of 0.50 mgm., and cult'lre No. 170 
reduced 0.60 mgm. of nitrate ni-
trogen. The amount was small 
but definite. These results were 
similar to those secured with cul-
ture No. 175 in , series III and 
Mgm. Mgm. 
Organism NOa-N. NO,-N. 
alter 6 days reduced 
Co!\~rol 17.90 
No. 160 17.40 0.50 
No. 170 17 . 30 0 . 60 
were no doubt due to unfavor-
able conditions in the sterilized soil. 
SERIES VI 
Duplicate samples of soil in flasks were inoculated with cul-
tures No. 168, 170 and 174. After incubating for six days the 
nitrate content was determined. The results appear in table XV. 
Culture No. 168 denitrified only 0.30 mgm. of nitrate while 
culture No. 170 reduced 1.30 mgm. of nitrate and culture No. 174 
reduced 1 mgm. of nitrate nitro-
gen. No doubt more favorable "ABLE xv. DENITRIFICATION 
conditions existed in culture No. IN SOIL CULTURES. 
170 in this series than in series V . 
SERIES VII 
It was shown in series III and 
V that the most favorable condi-
tions of growth for nitrate-as-
similating organisms were not ob-
tained in the sterilized soils, due 
Organism 
Control 
No. 168 
No. 170 
No. 174 
Mgm. 
NO , -N. 
alter 6 days 
15.30 
15.00 
14.00 
14.30 
Mgm. 
NO,-N. 
reduced 
0 . 30 
1.30 
1.00 
probably to a lack of readily available energy material. In 
this experiment 0.5 percent of dextrose was added, the soil 
sterilized and inoculated with a dentrifying organism, culture 
No.6. The 11itrate nitrogen and the total nitrogen cont.ent of 
the soil were determined before and after incubation. The re-
sults are presented in table XVI. 
These soils were inoculated with a 1 cc. suspension of a 24-hour 
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TABLE XVI. DENITRIFICATION IN SOIL CULTURES BY ORGANISM NO.6. 
Mgm. NO ,-N. per 100 Mgm. Mgm. total N. per 100 Increase in 
Treatment gma. dry soil NO,-N. gms. dry soil total N. in 
reduced 21 days 
In begin- After 21 In begin- After 21 Mgm. 
ning days ning days 
Control 0.64 0.65 -- -- 168.5 -
Inoculated 
with organ-
ism No.6 
0.5 % dex-
trose 30 
mgm. 
NO,-N. 30.64 0 30.64 197 .5 198.0 0.5 
culture containing 42,000 bacteria. Plate counts made after the 
21 days incubation period showed over 400,000 bacteria per gram 
of dry soil. The results show that all of the nitrate nitrogen dis-
appeared but that no nitrogen was lost. The dextrose added fur-
nished a readily available supply of energy material and brought 
about a complete reduction of the nitrates. 
SERIES VIII 
In this experiment 0.5 percent of dextrose was added and trip-
licate flasks inoculated with culture No.6, Azotobacter sp., Alter-
naria sp . and T1'ichodenna lignonl1n. The two molds selected oc-
curred frequently on plates from soils treated with straw and are 
well known cellulose decomposers. The inoculated flasks and a 
set of sterile controls were incubated for three and seven days 
after which the nitrates were determined. The results are given 
in table XVII. 
TABLE XVII. NITRATE ASSIM ILATION BY MOLDS AND BACTERIA. 
Mgm. NO ,-N. per 100 grams. dry soil 
Organism In begin- After 3 After 7 Mgm. as"imitated 
ning days days 
in 3 days In 7 days 
. 
Control 33.04 33.00 33.00 - -
No.6 33.04 32.13 31.10 0.87 1.90 
Azotobacter sp. 33.04 - - 32.00 -- 1.00 
Alternaria sp. 33.04 -- 25.10 - 7.90 
Trichoderma l iAnorurn 33.04 -- 24.90 - 8 . 10 
Culture No.6 reduced 0.87 mgm. of nitrate nitrogen in three 
days and 1.90 mgm. in seven days. In series VII this organism 
under the same conditions reduced 100 percent of the nitrate 
present. In this experiment the flasks were inoculated with a 1 
ce. suspension or culture No.6 which contained 500,000 bacteria, 
and plates poured from the culture after three days showed only 
1,294 bacteria per gram of dry soil. The small utilization of 
nitrate in this test was, therefore, due to poor distribution and 
58 
development of the bacteria. Azotobacter sp. utilized 1 mgm. of 
nitrate nitrogen in seven days. Counts of Azotobacter were not 
made at the end of the incubation period, but qualitative tests 
showed the presence of this organism in the soil. It is not known 
whether this nitrogen was assimilated, but it is very unlikely that 
any of it was lost as elementary nitrogen. Alternaria sp. utilized 
7.90 mgm. of nitrate nitrogen, and Trichoderma lignortLm utilized 
8.10 mgm. of nitrate nitrogen in seven days. Good growth was 
made by both molds; the .Trichoderma soon spread over the entire 
surface of the soil, but the growth of Alternaria was more re-
stricted. 
• 
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